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' FLUE FLOW REGULATOR

BACKGROUND OF THE INVENTION

1. Flelcl of the Inventlon r -

This invention relates to the. ﬁeld of regulators for
gaseous flow, and in particular flow regulators for. solid
fuel combustion devices such as wood stoves.

2. Description of the. Prror Art .

A number of devices have been concelved in whlch

thermostats.are connected in one manner or another to
draft regulators on flues. Such devlces have never be-
come popular, and the nsual flue ‘is not equlpped with
any thermostatic member The normal barometnc or
pressure-dnven flue vent,.having no therrnostatle con-
trol, comprises a flapper. member which is plvotally
disposed at the mouth of the yent passageway, Ieadlng
to the flue.
- The connection between the combustlon gas flue and
the vent passageway is normally that of a “T”, the'vent
tube meetmg the flue at a right angle Commonly, the
vent is _disposed horizontally and the flue vertlcalfy
The ﬂapper valve for the vent 1S mounted across the
vent opening to p1vot upon honzontally-dlsposed
prvot bar. The pivot bar is usually located off-center,
‘that is somewhat above the geometric mldpolnt of the
flapper, whereby the ﬂapper assutnes a vertical posmon,
completely blockmg the ﬂue vent unIess acted upon by
alr pressure. |

. Heated gases passing upwards through the flue create
a pressure differential between the free ait and the com-
bustion exhaust at the inside of the flue, that is, a pres-
sure differential across the ﬂapper valve. The" pressure
~ differential opens the flapper valve, permrttmg free air

“to enter the flue through the vent passageway and to be’

carried along’ with the combustion gases. In theory, air
from the vent satisfies momentary "deficiencies in flow.
The draft through the flue is thereby made le§s variable,
“allowing more dependable ﬂow and more complete
 combustion of the fuel. IR - -
- Several dévices have been ¢onceived ‘which’ ate in-
tended to interface with such off-center: balanced flap-
~per valves. Such devices, for exdample, ¥iS: Pat.*No.
2,401,553—Crew "and ' 3,087,677—Patrick- purport to
allow the flapper ‘valve to ‘operaté relanvely“free‘ly,
“influénced, but not fully controlled, ‘by"a~bimetallic
* thermostat- member Although such therriostatic ¢on-
trol means may be useful for smoothmg ouif vafigtions in
flue flow, thought necessary in the prior art, Stich de-
- vices fail to actually control the flow of gasés'in'the flue.
Rather, the flue vent is subject to the control of exhaust
" gases instead of the source of control therefor. Prior art
flue vents are positioned by action of the- draft in'the
flue. Thermostatic members may be includéd to influ-
ence flow, but the flap remains ‘subject:to"fldw -in the 5
flue, rather than vice-versa. Accordingly, the pnor art
fails to employ the flue vent to control the rate of com—
bustion by controlling' the egress of hot gasés.” -~ '
The present invention seeks’to “actually - con’trol the
rate of combustion upstream of the flue by directly and’
rigidly controlling the passage of air through a flue vent
equipped with a ﬂapper valve member."The" ﬂapper
valve of the invention is preferably mounted on-a cen-
tered pivot, but may be conventionally mounted and
balanced by an adjustable member. In any event ac-:
cording to the invention variations in gas flow i the
flue have little or no effect on the position of the flapper
valve. The rate of exhaust flow does not control the
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%;bustion by controllmg the escape of exhaust gases from
the area of combustion.

2 -:,__and control the rate of combustion dependent upon the

temperature of the. exhaust

ﬂow of foom air through*the vent tube, and into the
flue. o |

* A bimetallic"thérimostat member is drrectly attached
to the centrally pivoted flappér by means of a rigid

linkage. The thermostat is preferably a coil of bimetallic

materiaf which expands ‘whén heated, forcing the vent
flap closed or open as the flue is cooled or heated, re-
spectively, by;combustion gases.. X

The partlcular temperature at: whlch the ﬂap 1S posi-

tioned at a glven angle may. be 1n1t1ally adjusted and
Tocked by means of a length-adjustable linkage member
‘and/or, an indicator andscale arrangement may be
; rncluded in the thermostat mountmg, allowing the oper-

s atlng temperature to be set as desired at any. particular

time. The flap may also be loeked shut in order to con-
fine smoke while first llghtlng the stove, then allowed to
open once a draft is estabhshed )

SUMMARY OF THE INVENTION

It 1s an object of thls 1nvent1on to safely control com-

It is also an ob_]ect of the 1nvent10n to allow a user to
fully load a fuel burning unit, fully open the air intake,

- It is-also an ob_]ect of the inventlon to control solid

| _fuel burnmg stoves in the snnplest and least expensive
30

manner possible.
- It 1s another object of the invention to drlve a flue

vent flapper valve in a manner entirely dependent upon

. temperature, and free of influences of pressure differen-

35
-generation -of ,ﬂue-foullng:hydrocarbon deposits by reg-

. ulating combustion without starving the fuel burning

40
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: tlals

It is yet another obJect of the invention to prevent the

-area of supply air. ., .. |

_These and other- ob_]ects are accomphshed by a tem-
perature-dependent flow regulator for a combustion
-exhaust-flue, -comprising a vent pipe connected to the
~flug, a-first end of the vent pipe. opening in the flue and

+an-opposite: end: of the vent pipe opening in a free air

ispdée, a valve member inounted to at least partly block

thé vent pipe,:theMalye member being movable over a

- range: 6f-positions,-the valve member adapted to more
: or:less:impede:flow and to block-flow in the vent pipe
--over‘the range, thermostatic expansion means sensing
-~ the temperature of the flue, and, a linkage directly con-
‘soimecting-the .expansion means to the valve member and
- operable-to.drive the valve member closed at a prede-
'~ termined temperature of the flue, blocking flow in the
. vent pipe,-and operable to position the valve member to

23 -

«progressively ‘more-closed positions at progressively

lower temperatures of the flue. :
BRIEF DESCRIPTION OF THE DRAWINGS

There are shown in the drawmgs the embodiments

- which are presently. preferred. It should be understood,
60 -however, that theé invention is not limited to the precise

-arrangements ‘and. instrumentalities depicted.

i+ FIG.-1 is a perspective view of a combustion stove

65

-— --‘equipped- with the device of the invention.

*FIG. 2 is-a front elevation view of the temperature-
dependent flow regulator of the invention, the flapper
thereof shown locked closed. -

"FIG.-3 is a srde elevatlon view of the flow regulator
“ih ‘operation.’
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'schemes which starve the fuel area of supply air are

3

FIG. 4 is a front view showing an altematwe embodi- -

ment of the invention.
FIG. § is a side view of the embodnment of FIG 4.

FIG. 6 is a section view taken along line 6—#6 in FIG.
2.

FIG.7is a partlal section view taken along line ‘7—7 -

in FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

10

FIG. 1 illustrates a solid fuel burnmg stove, in per- |

spective. In general stove 20 comprises a body 24 into

which fuel is placed to be burned. Such fuel may be
wood, coal or any appropnate fuel. Solid fuel is placed
in stove 20 by opening door 26, and placing the fuel
upon fuel support members (not shown) which allow air
to circulate around the fuel in order to burn freely.
Modern solid fuel burning devices are usually air-
tight, a controllable air input 28 being included in order

to supply combustion air to the fuel carrying area. Al-

though such air input devices are frequently embodied

to be thermostatically controlled, the present invention
precludes the necessity for such an elaborate air intake

control which, by limiting the intake of oxygen, tends to
generate undue amounts of unburned hydrocarbons
which accumulate on various surfaces in the form of

creosote. Accordmgly, the present invention employs

an open air intake or a simple slide control 28 which
may be initially positioned and left at that position mdef-
initely.

The air intake 28, and/or the flue vent 40, may open

into any appropriate open air space. The invention will
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therefore prone to generate large quantities of smoke

and unburned hydrocarbons which tend to condense on

the cool surfaces of the stove in the form of creosote.

Creosote is itself combustable, whereby accumulations

in the flue and elsewhere eventually become thick

enough to catch fire, often with catastrophic results.
The present invention takes a different approach in

that rather than choking the fire by limiting the access
of oxygen to the fuel combustion area, a draft regulator

is employed on the flue and operated to displace flow of
‘combustion gases in the flue, Since the rising exhaust

gases are the driving force drawing oxygen to the fire,
venting the exhaust path allows the force of suction to
operate without drawing more air into the combustion
area. Although the end effect is to limit the rate of
combustion by limiting the oxygen available in the area
of the fuel, the control is less drastic than prior art oxy-
gen starvation methods which choke a burning fire. The
invention does not depnvc a fire of feed oxygen but
instead affects the suction exerted on the fire by the flue.
The result in a cleaner fire and less creosote.

'With further reference to FIG. 1, a vent conduit 40 is
attached to flue 22 and equipped with a thermostatical-
ly-controlled valve member 42. Devices having a flue

vent and freely movable flapper valve are common.

Unlike prior art devices, however, the present flapper
valve is not freely driven by the pressure differential
between the open air and the flue 22 due to combustion
gases passmg through the flue 22. Instead, the flapper
valve is rigidly attached to a bimetallic expansion ele-

. ment 80 such that the flapper is driven open as the flue

be shown and described with reference to an air intake =

28 and vent 40 which open in the space to be heated. It
should be understood that maximum efficiency in a
stove requires connectmg these elements to a cold air
space, for example air outside the heated area, in order
to avoid waste of energy which occurs when warm air
is drawn from the heated space and expelled through
the flue.

The body 24 of stove 20 may become qmte hot, de-
pendent upon the extent of combustion taking place
therein. The extent of combustion will be determined by
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~ temperature increases, thereby limiting the flow of OXYy-

gen through the fuel arca. As the temperature de-
creases, the flue vent is driven closed, whereby any

‘suction developed by rising gases in the flue tends to
-draw air from the air intake, and not from the flue vent.

In this manner the flue suction is used to fan the ﬁrc

more as the fire cools, stabilizing the temperature.

FIGS. 2-7 demonstrate the particulars of attachment
of the prcfcrmd thermostatlcally operated devices of

‘the invention. As.shown in FIGS. 2 and 3, flapper mem-

 ber 42 is carried on bar 44, the flapper member being

the amount and character of fuel present, the availabil-

ity of oxygen, and other factors. In order to avoid the.

necessity of frequent addition of fuel, it is' preferable to
load a full supply of fuel into the unit, for example all it
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will hold or enough to last through a winter night. It is

therefore necessary to control combustion by some
means other than controllmg the amount of fuel present.
Although it is convenient in oil or gas burning devices,

as known in the art, to thermostatlcally control the

supply of fuel, this is impractical in solid fuel burning

rigidly attached to bar 44 by tabs 46. Tabs 46, vent
member 42 and bar 44 may be soldered, spot welded or
otherwise rigidly connected to one another. Bar 44 is |
pivotally mounted homontal]y, to cause flap 42 to open
and close the vent as bar 44 is rotated. Stop members 48
prevent operation in both directions, tending to limit

the range of flap 42 between honzontal and Open in one

. way. -

In order to disable thcrmostatlc Operatlon of the vent,

3 locking means 52 may be included as shown in FIG. 2.

devices because controllable fuel feeders operate de-

pendably only with uniform shaped fuel pieces. Wood-
stones are espec:ally unsuited for such control. Accord-
ingly, some provision must be made to control combus-
tion by controlling the supply of air..

One possible approach adopted by various designers
is to control combustion by thermostatically controlling
the air intake 28. It will be appreciated that the effect of

closing air intake 28 is to starve the fire of oxygen. The

fire must be first underway (with the intake wide open),
eventually producing sufficient heat to operate the ther-
mostatic valve. However, as the air intake thermostati-
cally closes, insufficient oxygen is available in the fuel
combustion area to supply the fire’s demand and to
completely combust the fuel. Combustmn air control-

‘Upon starting a fire, it is preferred that the vent be
33

closed and locked, allowing time for smoke to clear the
combustion area and some suction to be developed in

" the flue. This may be done by use of a lock member 352,

60
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pivotable around a mountmg screw or rivet, and posi-
tionable to hold flap 42 in a closed position, against the
force exerted by the thermostatic drive means 100. It

- will be incorporated at a number of positions around the

flapper, the linkage or the thermostatic cxpanswn

means. Member 82 is shown as an example, in FIG. 2

only.
Flap 42 is rigidly attached to a lever arm 60, for ex-

‘ample via bar 44. Lever arm 60 extends generally per-

- pcndlcular to the axis of linkage bars 62, 64. Lever arm
60 is pwotally attachcd to linkage bar 62 which conveys



4,467,957

the force of the bimetallic thermostat mounted in con-

S

trol 100. In particular, thermostat 80, carried on pivot
82 is attached to linkage arm 64, in turn attached to
linkage arm 62 by length-adjusting lock member 66. It
will be appreciated that the effect of the linkage and
bimetallic coil is to position flap 42 open or closed based
upon whether the temperature in the area of thermostat
80 is warm or cool, respectively. _
When the stove is cool, flap 42 is held in its most
closed position. Hot gases which rise in the flue tend to
cause a suction which draws additional air in through
air input 28, bootstrapping the rate of combustion. The
hot gases, of course, heat the flue 22, gradually causing
the expansion of bimetallic coil 80. The expanding coil

positions flap 42 more near open. Preferably, a steady-

state operation is assumed whereby an adequate rate of
combustion is maintained while flap 42 is moderately
open, providing a certain range of control.

Should no additional fuel be added, eventually the

rate of combustion will decrease as the fuel is exhausted,
thereby lowering the temperature of the flue and caus-
ing bimetallic thermostat 80 to contract. The contrac-
tion again closes the flapper vent and again allows the
full suction of hot rising gases in the flue to operate to
draw additional combustion air into the unit. The addi-
tional air increases the rate of combustion and increases
the temperature, so long as the fuel lasts. Nevertheless,
so long as fuel is available, the temperature of the stove
is maintained as near as practicable to a control temper-
ature, by varying the venting of the flue. The invention
decreases flow when an increase in temperature is de-
tected. Inasmuch as the full fuel supply is more-conven-
iently loaded into modern solid fuel units from the out-
set, constant temperature is needed rather than a con-
stant rate of flow to reflect the fuel available.
. Should the temperature of the stove exceed the maxi-
mum, flap 42 is forced as far open as possible, thereby
cancelling the additional suction of rising gases in the
flue. Accordingly, the stove does not run away, but
returns to the desired temperature. By locating vent 40
near the combustion area, only a short length of flue-
way is provided in which suction develops, i.e., be-
tween the fire and vent 40. ) S

The invention takes a fundamentally different ap-
proach to regulation of temperature, and to regulation
~ of flow in a combustion flue, than that taken by previous
thermostatically-controlled draft damping mechanisms.

Previous draft dampers have been merely biased by a

thermostatic control, being primarily driven by the
pressure differential between the free air and the flow
path in the flue. Such pressure differential is caused by
the fact that moving air (e.g., in the flue) is at an effec-
tively lower pressure than stationary air (e.g., in the
open space). According to the usual draft damper, a

steady state pressure differential caused by a uniform

rate of flow causes the flapper valve to assume a certain
partially-open position, and to remain there. As com-
bustion momentarily increases or decreases, Or an con-
ditions change at the exit opening of the flue or chim-
ney, the valve member is momentarily re-positioned,
thereby maintaining a uniform flow rate insofar as this is
possible. The invention, however, being driven by the
thermostatically control and not by the pressure differ-
ential, employs a draft control which maintains a uni-
form temperature in the flue, and therefore in the com-
bustion area, by regulating the exiting combustion
gases. The inventor contributes to variations in flow in
order to maintain constant temperature.

6

In order to control flap member 42 based only upon
temperature rather than pressure difference, flap 42 is

-symmetrically pivoted. In other words, pivot 44 1s

mounted to precisely bisect flapper valve 42. Accord-
ingly, air pressure applied to flap member 42 pushes
equally above and below bar 44, and has no effect on

~ the position assumed by the flapper. As shown in FIGS.

10

15

20

25

30

35

4 and 5, a hybrid device can incorporate the driving
feature of the symmetrically-mounted flapper, and the
prior art technique of barometrically regulating flow.
With reference to FIGS. 4 and 5, pivot bar 144 is
mounted off center, and precisely balanced by position-
ing weight 145 such that, regardless of the off center
mount of pivot 144, flapper 142 is equally weighted
both above and below the pivot. In the manner, the
effect of gravity on the operation of the flapper, which
would otherwise tend to maintain the heavier lower
side of the flapper directly under the pivot (thereby
closing the valve) is minimized. The effect of air pres-
sure differentials, however, remains. An air pressure
differential pressing against flapper 142 exerts greater

‘pressure on the larger surface below bar 144. The pres-

sure tends to move the flapper more nearly open or
closed, depending on the direction of the pressure dif-
ferential. The effect is not controlled entirely by such
pressure differentials because bimetallic thermostat 80,
connected by linkage member 64, 62, 60, resiliently
biases flapper 142 to a position based upon the tempera-
ture in the area of the flue. |
Whether driven entirely thermostatically, or by a
combination of air pressure and thermostatic forces, the
temperature-dependent driving force is the same. As
shown in FIGS. 6 and 7, bimetallic element 80, formed
as a spiral, is mounted at pin 82 by a first (central) end,
and to linkage member 64 at the opposite end, on the

- outer edge of the spiral. As known in the art, bimetallic
- member 80 comprises two layers of differing metals,

©
linkage member 64. The axial force tends to close the

45

having different coefficients of expansion. With chang-
ing temperature, spiral wound bimetallic element 80
tends to wind or unwind, exerting an axial force against

vent when the area is cool, and open the vent when the

area 18 hot. e |

The precise operation of the thermostatic control can

be adjusted in various ways. The-length of the linkage

connecting bimetallic element 80 and lever arm 60 can
be controlled by loosening attachment element 66 and
adjusting the relative position of linkage element 62, 64.
A similar effect can be achieved by adjusting the angu-
lar position of lever arm 60 with respect to the flap
member, for example by a set screw attaching lever arm
60 and the pivot rod. These two types of adjustments

~are relatively-permanent and are suitable for initially

55

adjusting the thermostatic control. If desired, an adjust-
ment conveniently positionable by the user can be in-

‘corporated as well. -

As shown in FIGS. 6 and 7, the mounting of thermo-
plastic element 80 can be included with a scale marking
90, indicator 88 attached to pin 82, and means for ten-
sioning pin 82 at a certain angular position, for example,

by means of nut 86. In use, the operator merely posi-

65

tions indicator 88 to the appropriate scale mark, thereby
rotating bimetallic element 80 around pin 82, and
thereby setting the basic position of the flap valve by
means of linkage 64. |
Bimetallic element 80 is preferably a heavyweight
device, especially when used with an off center pivot, in
order to drive the flapper member against the pressure
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differential, if any. With a centered pivot, a lighter
weight thermostatic member may be used because the
pressure acts equally on the flapper on both sides of the
pivot, thereby cancelling the possible tendency to open
or close the flap. Bimetallic member of suitable weight
are commonly used in automobile choke thermostats.
One possible thermostat is a spiral of springsteel and
copper, approximately 2 mm thick and 10 cm long.

- Use of a covering box member 84, enclosing thermo-
static control 100, is preferred in order to confine the air
space around bimetallic member 80, to most nearly
reflect the temperature of the flue 22. Accordingly, a
sheet metal covering box, attached for example by
screws, surrounds the mounting of the bimetallic mem-
ber, broken only by a slot 92 for passage of linkage
member 64. |

A number of variations may be employed in the

mountings and connections of the members. Cotter
pins, set screws and the like have been shown in the
drawings as examples of possﬂ:ﬂe connection members.
It will be appreciated that various threadable connec-
_thIlS, rivets and the like can be conveniently employed
in placed of the foregomg elements. Further variations
will now be apparent to persons of ordinary skill in the
art, and reference should be made to the appended
claims rather than the foregoing specification as indicat-
ing the true scope of the sub_]ect invention.

What is claimed is: |

1. A temperature- dependent flow regnlator for a

combustion exhaust flue, comprising:

a vent pipe connected to the flue, one end of the vent
- pipe opemng in the flue and the opposite end of the

~ vent pipe opening-in a free air space;

a valve member mounted in the vent pipe at a dls-
tance from the flue to effectively prevent contact
between exhaust gases in the flue and the valve
member, the valve member being movable over a
range of positions. from fully open to closed, to
promote, retard and block air flow through the
vent pipe and into the flue to. control the rate of
combustion; S -

thermostatic expansion means enclosed by a. heat

conductive cover, the cover being disposed exteri-.

orly of and directly on the flue, the: expansion
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means thereby accurately sensing the temperature
of the exhaust gases in the flue; and,

a rigid linkage extending through the cover, outside
of the flue and of the vent pipe, and directly con-
necting the expansion means to the valve member
and operable to drive the valve member closed at a
predetermined low temperature of the exhaust
gases in the flue, blocking flow in the vent pipe,
and operable to position the valve member over the
range of open positions at progressively higher
temperatures of the exhaust gases in the flue,
whereby combustion temperature is precisely con-
trolled and all parts of the regulator are completely
protected from exhaust gas damage.

2. The regulator of claim 1, wherein the valve mem-
ber is an adjustably weighted flap, mounted to pivot on
a support bar extending through the vent pipe, the sup-
port being disposed off-center of the flap, whereby

suction generated in the flue applies a force to the flap

tending to open the vent. |
3. The regulator of claim 1, wherein the valve mem-

“ber is a flap mounted to pivot on a support bar extend-
‘ing through the vent pipe, the support being disposed to

bisect the valve member, whereby the valve member is
independent of suction in the flue.
. 4. The regulator of claim 1, wherein said hnkage 1S

adjustable in length. -

- 3. The regulator of claim 1, wherem the expansmn
means is a bimetallic spiral, the spiral being fixed to a
support at a first, central end-thereof, an opposite end of
the spiral being attached to the linkage.

6. The regulator of claim §, further comprising means -
for manually rotnting the support, thereby positioning
the bimetallic expansmn means Over-a range of posn-
tions. - -

7. The regulator of clalm 3, wherein said ]mkage
compnses a lever arm mounted to a valve member and
a rod attaching the lever arm to the expansion means.

‘8. The regulator of claim 6, further comprising a scale

1ndicator adapted to indicate the angular-position of the

- €xpansion means.

- 9. The regulator of claim 1, further eomprlsmg a lock

movably adapted to hold the valve member in closed
position. * N
45
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